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Abstract

Threatened species are increasingly dependent on conservation investments for persis-

tence and recovery. Information that resource managers could use to evaluate invest-

ments–such as the public benefits arising from alternative conservation designs–is typically

scarce because conservation benefits arise outside of conventional markets. Moreover,

existing studies that measure the public benefits of conserving threatened species often do

not measure the benefits from partial gains in species abundance that fall short of official

recovery, or the benefits from achieving gains in species abundance that happen earlier in

time. We report on a stated preference choice experiment designed to quantify the non-mar-

ket benefits for conservation investments aimed at threatened Pacific Coho salmon (Oncor-

hynchus kisutch) along the Oregon Coast (OC). Our results show that a program aimed at

increasing numbers of returning salmon can generate sizable benefits of up to $518 million/

y for an extra 100,000 returning fish, even if the species is not officially declared recovered.

Moreover, while conservation investment strategies expected to achieve relatively rapid

results are likely to have higher up-front costs, our results show that the public attaches sub-

stantial additional value of up to $277 million/y for achieving conservation goals quickly. Our

results and approach can be used to price natural capital investments that lead to gains in

returning salmon, and as inputs to evaluations of the benefits and costs from alternative con-

servation strategies.

Introduction

Substantial resources are devoted to recovering threatened species. In the United States (US),

the government invested over $1.2 billion annually on species listed under the Endangered

Species Act (ESA) from 1989 through 2014 ([1] p. 72). Despite decades of investment, the

number of once-threatened species officially considered recovered is small. Only 1% of ESA-

listed species have been de-listed [1].
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Economists classify the public (or social) benefits of recovering threatened species as pri-

marily non-market, meaning that they cannot be measured from observations of market activ-

ity alone [2]. Public benefits may arise from a combination of values that are “use” (e.g.,

harvest, viewing in the wild, and education) or “non-use” (e.g., existence of the species, future

harvest or viewing opportunities, and bequest for future generations) in nature ([2–5]). Prior

research that attempts to measure the public’s willingness-to-pay for the recovery of threatened

species has focused on valuing a change in official conservation status designations (e.g.,

threatened vs. recovered under the ESA), with an emphasis on final outcomes at some point in

the future (e.g., 30 years from now) [6]. Yet, in reality, few endangered or threatened species

have been de-listed, making the value of recovery potentially less important than other values

more relevant to ongoing management. For example, it is important to know whether the pub-

lic places economic value on management that leads to gains in species abundance, but falls

short of a recovered designation. In addition, is there any additional public benefit from a

recovery trajectory that happens quickly versus slowly?

In this paper, we implement an original choice experiment survey of the general population

of residents in the US Pacific Northwest (PNW) and quantify the economic value the public

places on various trajectories for increasing the number of returning fish of a threatened

salmon species. We focus on Oregon Coast (OC) Coho salmon, a geographically separate

group of Pacific Coho salmon (Oncorhynchus kisutch) with fish populations that are restricted

to OC watersheds and that are listed as threatened under the ESA. Our experimental design

allows us to measure the monetary-equivalent public benefit of different attributes of potential

future returning OC Coho adult salmon over time. We illustrate these attributes for a generic

threatened species in Fig 1. As mentioned, prior research has focused on measuring the public

benefit of achieving recovered status of a species in the future (Feature A shown in Fig 1). We

measure the value of such a change for OC Coho salmon, specifically the value of the species

being considered officially recovered under the ESA. We also estimate the benefit of different

trajectories of partial gains in the abundance of returning salmon that fall short of achieving

recovered status (Feature B), which allows us to develop a measure of public benefits applicable

to the majority of ESA-listed species which have yet to be de-listed. Importantly, because we

can value partial gains in returning salmon (Feature B), our econometric model has the flexi-

bility to predict the benefits of a range of potential future outcomes for returning salmon.

Another novel feature of our design is its emphasis on the dynamics of a threatened species

(Feature C). For a given final number of returning salmon, we can measure how much addi-

tional benefit (if any) the public derives from achieving that number of returning fish quickly

in time.

Estimating the social benefits the public derives from alternative time paths for increasing

the number of individuals of a threatened species is useful in the design and evaluation of poli-

cies involving investments in natural capital. The costs of these investments are often mea-

sured in monetary units, such as the foregone profits from restricting land use practices to

achieve conservation outcomes. Separately quantifying the public’s willingness to pay for natu-

ral capital investments in monetary terms–such as what we do in this study–provides the infor-

mation necessary for decision-makers to weigh the benefits and costs of alternative natural

capital investments in the same units [7].

Methods

We use a stated preference choice experiment survey with a set of realistic recovery scenarios

consistent with salmon life histories and management policies to estimate the non-market val-

ues for Pacific Coho salmon (Oncorhynchus kisutch), specifically within the federally defined
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Oregon Coast (OC) Coho salmon evolutionary significant unit. Choice experiments consist of

survey questions that elicit specific information about preferences [8]. Individuals are asked to

choose between two or more conservation alternatives (termed “salmon recovery programs”

in our application) that are differentiated by the set of attributes and attribute levels that

describe them (e.g., program outcomes and costs). The set of attributes and levels seen by

respondents are randomly varied across questions in a survey and across multiple survey ver-

sions to maximize the information about underlying preferences that can be derived from an

analysis of the choice responses [9].

We used two government recovery plans to guide our scenario development for the surveys:

the Oregon Coast Coho Conservation Plan for the State of Oregon [10] and the Federal Gov-

ernment’s Recovery Plan for Oregon Coast Coho Salmon Evolutionary Significant Unit [11]

(Section 1.a in S1 Text). While both the State of Oregon’s and the Federal Government’s plans

present conservation goals for OC Coho salmon, only the Federal Government plan [11] rep-

resents the official opinion of the Federal agency (NOAA) charged with recovering the species.

The choice experiment measured preferences for attributes that represent key decision vari-

ables for investing in natural capital to help threatened OC Coho salmon (Fig 2). An important

feature of our experimental design is that for each scenario, we showed survey respondents the

Fig 1. Alternative time paths for increasing the number of individuals of a hypothetical endangered or threatened species.

https://doi.org/10.1371/journal.pone.0220260.g001
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number of adult fish that return 50 years from now plus graphical depictions of the rate of

increase in the number of returning fish (Fig 2). The rate of increase graphs were generated

using an application of the Beta function of determinate growth [12]–see Section 1.a in S1
Text. The baseline number of returning adult OC Coho salmon is presented to survey respon-

dents as a flat line fixed at 150,000 fish, which is approximately equal to the 22-year annual

average of returning OC Coho salmon from 1994 to 2015 (see Section 1.a in S1 Text). We used

a D0-optimal experimental design [13] to determine attribute levels accounting for multiple

correlations and restrictions among the attributes (Fig 2; see Section 1.d in S1 Text and Table A
in S1 Text for the permissible combinations of attribute levels). Each survey included three

choice experiment questions to increase statistical efficiency in estimation (see Figure A in S1
Text for an example). The same status quo alternative is included in every choice question with

a $0 cost, along with two conservation scenarios with non-zero costs selected from Fig 2 –see

Section 2 in S1 Text for more on value elicitation. For each of the three choice experiment ques-

tions, respondents selected one preferred choice, giving us three choice responses per survey

respondent. Following standard practice, we assumed respondents answered on behalf of their

household.

We used a Tailored Design Method-type approach with four mailings [14] and sent our

survey by mail to 5,000 randomly selected residents of the US Pacific Northwest (Oregon,

Washington, Idaho, and Northern California {Bay Area and north}) in Fall 2017. This region

was targeted because all states have existing runs of Pacific salmon and thus conservation is

likely to be salient to these residents. After adjusting for deceased respondents and undeliver-

able surveys, our response rate was 21% (Section 1.f in S1 Text). Oregon State University Insti-

tutional Review Board reviewed the survey and research protocol in 2017 and determined the

research to be exempt. Consent information was presented in the first mailing and consent is

indicated by the respondent’s completion of the survey. Additional information on the survey

and the experimental design is provided in the S1 Text.
The choice data are analyzed with a random parameters logit (RPL) econometric model

that accommodates heterogeneous preferences ([15], Section 3 in S1 Text). In particular, we

use the following specification to model respondent i’s random utility V from choosing conser-

vation alternative k from choice question t:

Vikt ¼ � expðbi1ÞPriceikt þ bi2Recoveredikt þ bi3ReturningFishikt þ bi4Quickikt þ bi5Fishing1ikt
þ bi6Fishing2ikt þ bi7RecoverediktReturningFishikt þ bi8QuickiktReturningFishikt
þ εikt; ð1Þ

where Priceikt is the annual price of the conservation program (in $100s), Recoveredikt is a

binary indicator of whether OC Coho salmon are officially recovered off the ESA (1) or not

(0), ReturningFishikt represents the increase in the number of returning fish above the status

quo baseline of returning OC Coho salmon (in 100,000s of fish), Quickikt is a binary indicator

of whether returning fish numbers rise quickly (1) or slowly (0), Fishing1ikt is a binary indica-

tor of whether the OC Coho salmon fishing season is annual with a 5 fish/year limit (1) or not

(0), and Fishing2ikt is a binary indicator of whether the OC Coho salmon fishing season is

annual with a 10 fish/year limit (1) or not (0). The status quo is modeled with an alternative-

specific constant, βi0 representing the utility of the current state. This random utility modeling

framework assumes that each respondent i makes the choice k that maximizes their utility V
given the three choices presented to them on choice question t.

Fig 2. Experimental design attributes and levels of attributes used in the stated preference survey for recovery of Oregon Coast Coho salmon given to US

Pacific Northwest residents.

https://doi.org/10.1371/journal.pone.0220260.g002
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The RPL model estimates include the mean and standard deviation of the assumed parame-

ter distributions. All random parameters are assumed to be normally distributed. We follow

Carson and Czajkowski [16] and exponentiate the price parameter βi1, thereby assuming that

exp(βi1) is log-normally distributed. The assumed log-normal distribution of exp(βi1) fixes it to

be positive, which–when multiplied by (-1)–precludes respondents from gaining utility from

price increases (all else equal). By indexing each parameter by i and not t, we account for the

panel structure of the data by correlating preferences within each respondent and across each

choice question that they answer. We use maximum simulated likelihood to estimate the mod-

el’s parameters β with original Matlab code. All parameters in β are assumed to be random

parameters. We construct measures of the central tendency of willingness-to-pay (WTP) for

conservation scenarios as an individual’s compensating variation, which is a conventional met-

ric used in benefit-cost analysis (Section 3.c in S1 Text).
Stated preference analyses have been criticized for being based on hypothetical choices. Fol-

lowing current best practices [8], we use three approaches in the survey design to minimize

hypothetical bias and enhance validity by emphasizing the potential consequentiality of survey

response. First, we follow past stated preference literature and use so-called "cheap talk" [17],

which reminds respondents to consider their own budget constraints when answering hypo-

thetical questions. In numerous applications, cheap talk has been shown to reduce hypothetical

bias (e.g., [18–20]). Second, we frame survey responses as a consequential choice. Respondents

are told that the survey is funded by the lead government agency charged with recovering OC

Coho salmon (NOAA) and that results will be used to help understand what alternatives the

public prefers. Third, we use a binding rather than a voluntary payment vehicle (Section 2 in
S1 Text).

Results

Mean Household Willingness-to-Pay (WTP) estimates for sample

Our data include 926 completed surveys consisting of 2,734 usable responses to choice ques-

tions. Survey responses to a series of qualitative questions suggest that respondents have het-

erogeneous preferences regarding changes in the primary survey attributes in Fig 2 (Section 3.
a in S1 Text), which supports our choice of the random parameters logit estimator that allows

for random respondent heterogeneity. Our estimated parameters from Eq (1) are presented in

Table 1. Using a likelihood ratio test, the RPL estimation results in Table 1 are strongly sup-

ported over a comparable conditional logit model with no random parameters (log-likelihood

= -2576.9) at the 1% level. Results in Table 1 show that the estimated means of the parameters

on Recovered, ReturningFish, and Quick are positive and significantly different from zero (1%

level). The estimated standard deviations of most parameters are significantly different from

zero (1% level), and thus provide evidence of significant preference heterogeneity across

respondents. Results suggest that respondents gain positive utility from de-listing OC Coho

salmon from the ESA, from increasing the number of returned salmon, and from doing so

quickly (Fig 3A; Section 3.b in S1 Text). Using a likelihood ratio test, we find no evidence that

respondents gain positive utility (on average) from changes in fishing regulations at the 5%

level (Section 3.b in S1 Text).
Respondents had mean annual willingness-to-pay (WTP) for attributes of OC Coho salmon

recovery that vary depending on the recovery scenarios (Fig 3A, Table B in S1 Text). The low-

est mean household WTP is approximately $60/y for the least aggressive scenario of 100,000

more returning fish, with a slow increase, and remaining at an ESA status of “threatened.” The

highest mean WTP is $179/y for the most aggressive scenario of 375,000 more returning fish

with a quick increase that achieves an ESA status of “recovered.”
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We use estimates of WTP to calculate the marginal values for individual attributes, holding

other attributes fixed. People were willing to pay more for most attributes that indicated

improvement in the OC Coho salmon stock, conditional on the magnitude of other attributes,

and most of these marginal changes were significantly different from zero (Fig 3B–3E; Table C
in S1 Text). For example, people were WTP an average of $31/y more for the species to be

recovered off the ESA, dependent on 175,000 more fish returned (Fig 3B). If the returns

increase to 225,000 more fish, WTP for recovery decreased to an average of $10/y per house-

hold; WTP increased (by $34/y and $13/y, respectively) when recovery was characterized as

quick (Fig 3C). When the species remains threatened under the ESA with a modest return of

100,000 more fish, people were WTP an average of $34/y more for “quick” versus “slow”

increases, but that amount decreased with greater fish returns (Fig 3D). Finally, we also found

WTP estimates per unit of extra returning fish were notably lower when OC Coho salmon are

recovered off the ESA (slope of the line in Fig 3E). Values for a quick rather than slow rate of

return diminished with the number of fish returned ($30/y for 175,000 fish vs. $9/y for

375,000 fish).

The slope of the linear lines in Fig 3 depict the WTP for an extra 100,000 fish, conditional

on the magnitude of the other attributes. If the species remains threatened, then the WTP per

100,000 returning fish is $59.75/y if the rate of change in returning fish is slow–see section 1.a
in S1 Text for a precise mathematical definition of rate of change. If the rate of change in

returning fish is quick, then the WTP per 100,000 returning fish falls to approximately $49.28/

y. If the species is recovered, the WTP per 100,000 returning fish falls to approximately $11.77/

y for a slow rate of change and $4.55 for a quick change (Table C in S1 Text). While the points

Table 1. Random parameters logit estimation results for preferred model.

Parameter Standard error

Status quo Alt. Spec. Constant -11.81� 1.68

Estimated parameter means of conservation alternatives log(Price) 0.85� 0.14

Recovered 2.58� 0.61

ReturningFish 1.70� 0.31

Quick 1.18� 0.37

Fishing1 -0.25 0.16

Fishing2 -0.34 0.27

Recovered�ReturningFish -0.88� 0.26

Quick�ReturningFish -0.22 0.17

Estimated parameter standard deviations of conservation alternatives St. Dev.(Price) 1.66� 0.07

St. Dev.(Recovered) 1.17 1.00

St. Dev. (ReturningFish) 0.88� 0.21

St. Dev. (Quick) 0.78� 0.32

St. Dev. (Fishing1) 1.04� 0.44

St. Dev. (Fishing2) 0.28 0.93

St. Dev. (Recovered�ReturningFish) 0.61� 0.21

St. Dev. (Quick�ReturningFish) 0.53� 0.19

St. Dev. (ASC) 10.81� 1.42

Log-likelihood -2016.16

N 2,734

� indicates statistically significant at the 1% level

Price is measured in $100s; ReturningFish is measured in 100,000s of returning adult fish.

https://doi.org/10.1371/journal.pone.0220260.t001
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in Fig 3 represent scenarios from our experimental design (and are presented in Tables B and
C in S1 Text), other conservation scenarios outside of our experimental design could be valued

using these marginal attribute values. For example, the linear WTP function from Fig 3 for the

scenario where the rate of increase is slow and the species is threatened can be expressed as

WTP|Slow,Threatened = $59.75�ReturningFish, where ReturningFish is measured in 100,000s

of fish. For the scenario where the rate of increase is quick and the species is threatened, the

linear WTP function has a different y-intercept and slope: WTP|Quick,Threatened = $44.41+

$49.28�ReturningFish. Therefore, the average household WTP for a small conservation

Fig 3. Estimated annual household willingness-to-pay (WTP) functions for Oregon Coast Coho salmon recovery

scenarios. The y-axis in each graph depicts average annual household WTP in $USD. The x-axis in each graph

represents the increase in numbers of returned adult salmon (in 50-years) from the baseline (in 1000s). A) ESA status

and rate of fish return increase held fixed along each line; B) slow rate of fish return increase held fixed, Δ represents

marginal change in WTP for “Recovered” ESA status; C): quick rate of fish return increase held fixed, Δ represents

WTP for “Recovered” ESA status; D) ESA status of “Threatened” held fixed, Δ represents WTP for “Quick” rate of fish

return increase; E) ESA status of “Recovered” held fixed, Δ represents WTP for “Quick” rate of fish return increase. �

depicts p<0.05.

https://doi.org/10.1371/journal.pone.0220260.g003
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investment that generates 10,000 more returning fish above the baseline would be $5.98/y if

the rate of increase were slow and $49.34/y if the rate of increase were quick.

We subjected our preferred model to a series of validity checks consistent with best prac-

tices for stated preference research [8] and found that our results are robust to potential protest

respondents, attribute non-attendance, and the stratified sampling scheme (Sections 3.d-3.f in
S1 Text, Tables D–K in S1 Text).

Aggregation of Willingness-to-Pay (WTP) to represent population benefits

for Pacific Northwest residents

Our WTP results can be used to represent population-level non-market benefits of conserva-

tion efforts aimed at increasing the amount of returning OC Coho salmon. Appropriate aggre-

gation requires multiplying a population-level mean WTP by the overall respective population

size. To make these estimates, we analyzed the representativeness of our data in order to deter-

mine the generalizability of our sample WTP estimates to the Pacific Northwest population as

a whole.

First, using supplemental and comparative demographic information about all Pacific

Northwest residents and our survey respondents, we assess observable differences between the

sample and the broader population of Pacific Northwest households (Table 2). The broader

population data comes from the U.S. Census Bureau (2017). While our survey respondents

were representative of the broader population in terms of median household income, they

were more likely to be older, white, and educated men than the broader population of the

region. As such, we re-estimated variants of our primary model in Eq (1) which included inter-

actions between the demographic variables in Table 2 and the key utility parameters repre-

senting preferences for OC Coho salmon conservation: the recovery status of OC Coho

salmon (βi2), the number of returning adult salmon (βi3), and whether their returns were

quick (βi4). We then conducted a series of likelihood ratio tests for the null hypothesis that

there is no significant interaction between utility parameters and the key demographic vari-

ables, with corresponding p-values presented in the final column in Table 2. Results show sig-

nificant utility preference differences between those with a 4-year college degree compared to

those without a degree (1% level). In particular, college graduates are WTP approximately $31/

y more per 100,000 returning fish than those without a college degree. The final column in

Table 2 shows p-values well above 0.05 for likelihood ratio tests involving the other demo-

graphic characteristics, which indicates no evidence of significant preference differences across

older versus younger adults, and across gender or race. Therefore, aggregation of our WTP

results to the broader population requires adjusting our preference parameters to represent

the population share of college graduates–see Section 3.g in S1 Text for details.

Second, we analyze potential sample selection bias in terms of unobservable preferences for

salmon conservation. Given there are no formal sample selection corrections for non-linear

logit models like ours, we follow the approach of Cameron and DeShazo [21] and Kolstoe and

Cameron [22], which is recommended as part of current best practices [8]. The approach first

estimates a binary choice econometric model of the propensity of individuals to respond to

our survey (a selection equation) based on observable variables available for both respondents

and non-respondents–demographic data for the census tracts or county where each individual

lives, state dummy variables, and information about the mail delivery system for each individ-

ual. We find evidence that households with neighborhood delivery and collection box units

have a significantly lower propensity to respond to our survey (10% level), possibly because the

outgoing mail slots in such units may be too small for returning our large survey packets.

Therefore, the mail delivery variables proxy for household costs of returning our large survey
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packet and thus serve as an exclusion restriction for our selection equation. We then generate

a variable (pdiff) that represents the difference between the estimated propensity for each indi-

vidual to respond to the survey and the average propensity to respond. Finally, we interact

pdiff with the key utility parameters representing preferences for OC Coho salmon conserva-

tion (βi2, βi3, βi4) to test whether individuals with a higher estimated propensity to respond to

the survey have systematically different preferences for OC Coho salmon conservation. A like-

lihood ratio test fails to reject the null hypothesis that preferences do not vary with pdiff
(p = 0.56)–full results are presented in Section 3.g in S1 Text (Tables M and N in S1 Text). We

therefore find little evidence of sample selection bias based on unobservable preferences.

Given the two analyses of sample selection bias based on observable and unobservable fac-

tors, we present results from two approaches to value aggregation to indicate sensitivity to

aggregation assumptions. First, we use a lower-bound approach [23] for value aggregation and

use the survey response rate as the portion of the population for which WTP is non-zero (Sec-
tion 3.g in S1 Text). We use this approach to generate an estimate of aggregate value, differenti-

ating the response rate by Oregon (25.4%) and non-Oregon (17.8%) households. Our sample

WTP estimates are then multiplied by 398,889 Oregon households (0.254×1,570,430 house-

holds) plus 1,395,098 non-Oregon Pacific Northwest households (0.178×7,837,629 house-

holds). This conservative approach is useful in the case when the respondents answered the

survey based on some unobservable preferences for salmon conservation (although we provide

evidence that this is unlikely in our analysis). Second, our upper-bound approach builds off

our evidence regarding sample selection bias and uses the population-adjusted mean WTP

estimate multiplied by the total population (9,408,059 households) to obtain the population

level benefits (see Section 3.g in S1 Text). Table 3 shows the results from the two approaches

for value aggregation and indicates large aggregate benefit estimates–see also Figures E and F
in S1 Text. The lower bound (upper bound) approach to aggregation reveals annual benefit

estimates of $107 million ($518 million) for the most pessimistic conservation scenario and

$321 million ($1.46 billion) for the most optimistic scenario. We also calculate population ben-

efit estimates for changes in individual attributes of OC Coho salmon conservation using both

the lower bound and upper bound approaches to value aggregation (Table P in S1 Text). We

find that benefits to the population of Pacific Northwest residents are as much as $518 million/

y for an extra 100,000 returning salmon and as much as $277 million/y for quick vs. slow

increases in returning fish.

Discussion

This study shows that non-market, non-consumptive values provided by investments in natu-

ral capital can be both incremental in nature and dynamic through time. By quantifying the

Table 2. Sample demographic characteristics versus population characteristics of Pacific Northwest (PNW) residents for the Oregon Coast Coho salmon stated

preference survey. P-values are for the null hypothesis that demographics do not interact with utility parameters.

Demographic Statistic Sample Pacific Northwest Population Is Sample Representative? p-value for utility interaction

Household Median Income $60k - $80k $70k Yes -

Percent College Grads 54.0% 35.8% No 0.00

Percent Age 65+ 38.5% 15.1% No 0.92

Percent Male 61.1% 49.8% No 0.87

Percent White 87.7% 72.0% No 0.29

All demographic statistics for the Pacific Northwest population taken from the U.S. Census Bureau (2017); P-values for the null hypothesis that demographics do not

interact with utility parameters are estimated with a likelihood ratio test.

https://doi.org/10.1371/journal.pone.0220260.t002
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marginal change in non-consumptive value for a threatened species of salmon, we find that

public preferences extend beyond just meeting a non-marginal recovery threshold. Our results

suggest that the public places significant economic value not just for official recovery status,

but also for higher return numbers of salmon, and for increases that are quick rather than

slow.

We find that the average household WTP for the most ambitious recovery program–one

that involves OC Coho salmon reaching recovered status under the ESA–is $179/y. Upon

aggregating to the broader population of PNW residents, the WTP for this most ambitious

recovery program ranges from a lower bound of $321 million/y to an upper bound of approxi-

mately $1.46 billion/y depending on aggregation assumptions. Given that the most ambitious

recovery program in our experimental design is based on the OC Coho Conservation Plan for

the State of Oregon [10], the population benefit estimates represent the non-market economic

value associated with successfully implementing this state-level conservation plan. Impor-

tantly, we also find that the public has significant WTP for habitat restoration programs that

generate much smaller changes in salmon abundance, even for programs that do not result in

the stock becoming de-listed from the ESA. For example, the average household WTP of

approximately $60/y for the least ambitious scenario in our experimental design (100,000

more returning fish with no change in the threatened status under the ESA) still produces

between $107 million/y (lower bound) to $518 million/y (upper bound) in non-market eco-

nomic benefits (Table 3). Given that no ESA-listed species of Pacific salmon have been de-

listed as of 2018, our results provide evidence that the public values ESA conservation activities

that have yet to achieve a recovered status for their target species. Measuring the benefits of

incremental improvements to ESA-listed species may take on added relevance given current

priorities of the U.S. Department of Interior, which announced in summer 2018 that it intends

to abandon the longstanding policy of ignoring economic impacts when making listing and

de-listing determinations [24]. Further, by finding sizable public benefits of incremental

improvements, our results provide support for the assertion that debates about ESA-

Table 3. Estimated annual mean household Willingness-to-Pay (WTP) and aggregate population benefits for Oregon Coast Coho Salmon conservation scenarios.

OC Coho Salmon Conservation Scenario Household WTP ($) Population Benefits ($)

ESA status Change in number

of returning OC

salmon (fish)

Rate of change in

number of returning

OC salmon

Sample

mean WTP

($)

Population-

adjusted mean

WTP ($)

Lower bound

benefits = sample mean WTP

x 1,793,987 households

Upper bound benefits = population-

adjusted mean WTP x 9,408,059

households

Threatened 100,000 Slow $59.75 $55.13 $107 million $518 million

175,000 $104.57 $96.47 $188 million $908 million

225,000 $134.45 $124.04 $241 million $1.17 billion

100,000 Quick $93.69 $84.62 $168 million $796 million

175,000 $130.65 $118.29 $234 million $1.11 billion

225,000 $154.99 $140.43 $278 million $1.32 billion

Recovered 175,000 Slow $135.19 $123.45 $243 million $1.16 billion

225,000 $144.02 $130.04 $258 million $1.22 billion

375,000 $170.58 $150.08 $306 million $1.41 billion

175,000 Quick $164.88 $149.29 $296 million $1.40 billion

225,000 $168.29 $150.53 $302 million $1.42 billion

375,000 $179.19 $155.30 $321 million $1.46 billion

95% confidence intervals for Sample mean WTP are found in Table B in S1 Text; 95% confidence intervals for Population-adjusted mean WTP are found in Table O in

S1 Text.

https://doi.org/10.1371/journal.pone.0220260.t003
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effectiveness should be based on criteria such as partial gains in threatened species manage-

ment, rather than strictly on whether species have been, or should be, officially de-listed ([1],

[25]).

A second important and novel finding from this study is clear quantitative evidence that

the public prefers receiving non-market benefits from OC Coho salmon sooner rather than

later. Holding other conservation attributes constant, the average household WTP for a quick

rate of increase in salmon returns is up to $34/y (Fig 3), contingent on the levels of the other

program attributes. Depending on aggregation assumptions, the highest estimated population

benefits associated with a quick rate of increase in salmon ranges between $60 million/y (lower

bound) and $277 million/y (upper bound) (Table P in S1 Text). The practical relevance of the

result is that there are significant economic benefits to the public from natural capital invest-

ments that deliver on their objectives quickly, rather than gradually. The WTP for a quick

increase in returning salmon is diminishing in the number of returning fish, and is lower for

scenarios that generate a recovered rather than a threatened ESA status (Fig 3; Table P in S1
Text).

In general, the value provided by protecting threatened and endangered species is non-mar-

ket in nature [2]. As Polasky et al. [26] point out, current research that either maps trade-offs

among natural capital and other forms of wealth, or quantifies trends in implicit natural capital

asset prices, tends to lean heavily on linked market activity such as commodity or land market

transactions. The disconnect between these methods and non-market valuation is noted by

their developers, who cite the need for non-market valuation research and improved integra-

tion with quantitative measures of natural capital ([27] p. 8; [26] p. 455). Pricing natural capital

ensures that it is not undercounted or ignored outright in regional or national economic

assessments [28]. To help prioritize new investments such as habitat restoration, there is also

interest in applying economic benefit-cost methods to natural capital ([27–30]). In order to

include threatened species recovery in either exercise–pricing or benefit-cost analysis–a mone-

tary estimate of the public benefit generated by helping threatened and endangered species

over time is essential. Our approach offers a way to measure the incremental and dynamic

non-market public benefit yielded by investment in natural capital that is generally unavailable

to conservation practitioners ([7], [31–33]).

Quantitative survey methods remain the leading methodology for measuring non-market

values provided by protecting threatened and endangered species. While our analysis focuses

on OC Coho salmon, the experimental design could be adapted to uncover more insights into

public preferences for other threatened species, along with other types of natural capital. The

challenge of incorporating non-market values is perhaps even greater for research focused on

the optimal management of natural capital and related forward-looking exercises that involve

predicting outcomes that differ substantially from the status quo ([34–36]). These studies need

to explore a wide range of possible outcomes and use that information to predict as accurately

as possible the associated flows of non-market values in order to identify realistic and cost-

effective natural capital allocations over time and across space ([37–39]). Our stated preference

approach provides an integral step forward in quantifying the multiple dimensions of public

benefits that arise from natural capital investments.

Supporting information

S1 Text. The supporting information is organized to show how the study design meets all

contemporary best practices for conducting stated preference studies, including survey

development and implementation, value elicitation, and data analysis.

(DOCX)

Benefits from salmon

PLOS ONE | https://doi.org/10.1371/journal.pone.0220260 August 14, 2019 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220260.s001
https://doi.org/10.1371/journal.pone.0220260


Acknowledgments

We are grateful to Lydia Newton for outstanding survey administration. We thank Trudy

Cameron, Frank Lupi and seminar participants at Oregon State, Boise State, the AAEA Annual

Meeting in Washington, DC (2018), the IIFET conference in Seattle (2018), the Oregon

Resource and Environmental Economics Workshop (2019), and the AERE Summer Confer-

ence in Incline Village, NV (2019) for helpful comments on this analysis. The views and opin-

ions expressed in this paper are the authors’ own and do not necessarily reflect those of NOAA

or the U.S. Department of Commerce.

Author Contributions

Conceptualization: David J. Lewis, Steven J. Dundas, David M. Kling, Daniel K. Lew, Sally D.

Hacker.

Data curation: David J. Lewis.

Formal analysis: David J. Lewis, Steven J. Dundas, David M. Kling, Daniel K. Lew.

Funding acquisition: Steven J. Dundas.

Investigation: David J. Lewis, Steven J. Dundas, David M. Kling, Daniel K. Lew, Sally D.

Hacker.

Methodology: David J. Lewis, Steven J. Dundas, David M. Kling, Daniel K. Lew, Sally D.

Hacker.

Project administration: David J. Lewis, Steven J. Dundas.

Software: David J. Lewis.

Writing – original draft: David J. Lewis.

Writing – review & editing: David J. Lewis, Steven J. Dundas, David M. Kling, Daniel K. Lew,

Sally D. Hacker.

References
1. Langpap C., Kerkvliet J. and Shogren J.F., (2017) The Economics of the US Endangered Species Act:

A Review of Recent Developments. Review of Environmental Economics and Policy, 12(1), pp.69–91.

2. Brown G.M. (2000) Renewable natural resource management and use without markets. J of Economic

Literature 38 (4):875–914.

3. Krutilla J.V. (1967) Conservation reconsidered. American Economic Review 57 (4):777–786.

4. Freeman A.M. (2003). The measurement of environmental and resource values: Theory and methods.

Resources for the Future Press, Washington, DC.

5. Richardson L. and Loomis J., (2009) The total economic value of threatened, endangered and rare spe-

cies: an updated meta-analysis. Ecological Economics, 68(5): 1535–1548.

6. Lew D.K. (2015) Willingness to pay for threatened and endangered marine species: a review of the liter-

ature and prospects for policy use. Frontiers of Marine Science 2: 96.

7. Guerry A.D., Polasky S., Lubchenco J., Chaplin-Kramer R., Daily G.C., Griffin R., et al. (2015) Natural

capital and ecosystem services informing decisions: From promise to practice. Proceedings of the

National Academy of Sciences, 112(24): 7348–7355.

8. Johnston R.J., Boyle K.J., Adamowicz W., Bennett J., Brouwer R., Cameron T.A., et al. (2017) Contem-

porary guidance for stated preference studies. Journal of the Association of Environmental and

Resource Economists, 4(2): 319–405.

9. Street D.J., and Burgess L. (2007) The Construction of Optimal Stated Choice Experiments: Theory

and Methods. Hoboken, NJ: John Wiley & Sons.

Benefits from salmon

PLOS ONE | https://doi.org/10.1371/journal.pone.0220260 August 14, 2019 13 / 15

https://doi.org/10.1371/journal.pone.0220260


10. ODFW (Oregon Department of Fish and Wildlife). (2007) Oregon Coast Coho Conservation Plan for the

State of Oregon. Online at http://www.oregon.gov/OPSW/cohoproject/coho_proj.shtml (accessed Sep-

tember 13, 2016).

11. NMFS (National Marine Fisheries Service). (2016) Recovery Plan for Oregon Coast Coho Salmon Evo-

lutionarily Significant Unit. National Marine Fisheries Service, West Coast Region, Portland, Oregon.

12. Yin X., Goudriaan J.A.N., Lantinga E.A., Vos J.A.N. and Spiertz H.J. (2003) A flexible sigmoid function

of determinate growth. Annals of botany 91(3): 361–371. https://doi.org/10.1093/aob/mcg029 PMID:

12547689

13. Huber J., and Zwerina K. (1996) The Importance of Utility Balance in Efficient Choice Designs. Journal

of Marketing Research 33(3): 307–317.

14. Dillman D. A., Smyth J. D. and Christian L. M. (2014). Internet, Phone, Mail, and Mixed-Mode Surveys:

The Tailored Design Method. 4th edition. Hoboken, New Jersey, John Wiley and Sons.

15. Train K.E. (2009) Discrete Choice Methods with Simulation, 2nd edition. New York: Cambridge Univer-

sity Press.

16. Carson R.T., and Czajkowski M. (2019). A new baseline model for estimating willingness-to-pay from

discrete choice models. Journal of Environmental Economics and Management 95: 57–61.

17. Cummings R.G., and Taylor L.O. (1999) Unbiased Value Estimates for Environmental Goods: A Cheap

Talk Design for the Contingent Valuation Method. American Economic Review 89(3):1999.

18. Carlsson F., Frykblom P., and Lagerkvist C.J. (2005) Using Cheap Talk as a Test of Validity in Choice

Experiments. Economic Letters 89: 147–152.

19. Lusk J.L. (2003) Effects of Cheap Talk on Consumer Willingness-to-Pay for Golden Rice. American

Journal of Agricultural Economics 85(4): 840–856.

20. Murphy J.J., Stevens T.H., and Weatherhead D. (2005) Is Cheap Talk Effective at Eliminating Hypothet-

ical Bias in a Provision Point Mechanism? Environmental and Resource Economics 30: 327–343.

21. Cameron T.A. and DeShazo J.R. (2013) Demand for health risk reductions. Journal of Environmental

Economics and Management 65(1): 87–109.

22. Kolstoe S. and Cameron T.A. (2017) The non-market value of birding sites and the marginal value of

additional species: biodiversity in a random utility model of site choice by eBird members. Ecological

Economics 137: 1–12.

23. Loomis J.B. (1987) Expanding Contingent Value Sample Estimates to Aggregate Benefit Estimates:

Current Practices and Proposed Solutions. Land Economics 63(4): 396–402.

24. United States Department of the Interior. (2018) Endangered and Threatened Wildlife and Plants; Revi-

sion of the Regulations for Listing Species and Designating Critical Habitat. Available at https://www.

fws.gov/endangered/pdf/20180718_proposed_424_signed.pdf (last accessed 12/17/2018).

25. Langpap C. and Kerkvliet J. (2010) Allocating conservation resources under the Endangered Species

Act. American Journal of Agricultural Economics, 92(1), pp.110–124.

26. Polasky S., Bryant B., Hawthorne P., Johnson J., Keeler B., and Pennington D. (2015) Inclusive wealth

as a metric of sustainable development. Annual Review of Environment and Resources 40:445–466.

27. Fenichel E.P., and Abbott J.K. (2014) Natural capital: from metaphor to measurement. Journal of the

Association of Environmental and Resource Economists 1(1/2): 1–27.

28. Fenichel E.P., Abbott J.K., Bayham J., Boone W., Haacker E.M. and Pfeiffer L., (2016). Measuring the

value of groundwater and other forms of natural capital. Proceedings of the National Academy of Sci-

ences, 113(9): 2382–2387.

29. Duke J.M., Dundas S.J., and Messer K. (2013) Cost-effective conservation planning: Lessons from eco-

nomics. Journal of Environmental Management 125:126–33. https://doi.org/10.1016/j.jenvman.2013.

03.048 PMID: 23660533

30. Polasky S., Lewis D.J., Plantinga A.J., and Nelson E. (2014) Implementing the optimal provision of eco-

system services. Proceedings of the National Academy of Sciences, 111(17): 6248–6253.

31. Barbier E.B., Hacker S.D., Kennedy C., Koch E.W., Stier A.C., and Silliman B.R. (2011). The value of

estuarine and coastal ecosystem services. Ecological Monographs 81(2): 169–93.

32. Bateman I.J., Harwood A.R., Mace G.M., Watson R.T., Abson D.J., Andrews B., et al. (2013). Bringing

ecosystem services into economic-decision-making: land use in the United Kingdom. Science 341

(6141):45–50. https://doi.org/10.1126/science.1234379 PMID: 23828934

33. Ruckelshaus M., McKenzie E., Tallis H., Guerry A., Daily G., Kareiva P., et al. (2015). Notes from the

field: Lessons learned from using ecosystem service approaches to inform real-world decisions. Eco-

logical Economics 115:11–21.

34. Bertram Christine, and Quaas Martin F. (2017) Biodiversity and optimal multi-species ecosystem man-

agement. Environmental and Resource Economics 67(2): 321–350.

Benefits from salmon

PLOS ONE | https://doi.org/10.1371/journal.pone.0220260 August 14, 2019 14 / 15

http://www.oregon.gov/OPSW/cohoproject/coho_proj.shtml
https://doi.org/10.1093/aob/mcg029
http://www.ncbi.nlm.nih.gov/pubmed/12547689
https://www.fws.gov/endangered/pdf/20180718_proposed_424_signed.pdf
https://www.fws.gov/endangered/pdf/20180718_proposed_424_signed.pdf
https://doi.org/10.1016/j.jenvman.2013.03.048
https://doi.org/10.1016/j.jenvman.2013.03.048
http://www.ncbi.nlm.nih.gov/pubmed/23660533
https://doi.org/10.1126/science.1234379
http://www.ncbi.nlm.nih.gov/pubmed/23828934
https://doi.org/10.1371/journal.pone.0220260


35. Lewis D.J., and Polasky S. (2018) An auction mechanism for the optimal provision of ecosystem ser-

vices under climate change. Journal of Environmental Economics and Management 92: 20–34.

36. Huang L., and Smith M.D. (2014) The dynamic efficiency costs of common-pool resource exploitation.

American Economic Review 104(12): 4071–4103.

37. Polasky S., Nelson E., Pennington D., and A Johnson K. (2011) The impact of land-use change on eco-

system services, biodiversity and returns to landowners: a case study in the state of Minnesota. Envi-

ronmental and Resource Economics 48 (2):219–242.

38. Kellner J.B., Sanchirico J.N., Hastings A., and Mumby P.J. (2011) Optimizing for multiple species and

multiple values: tradeoffs inherent in ecosystem-based fisheries management. Conservation Letters 4

(1): 21–30.

39. Kling D.M., Sanchirico J.N., and Wilen J.E. (2016) Bioeconomics of managed relocation. Journal of the

Association of Environmental and Resource Economists, 3(4): 1023–1059.

Benefits from salmon

PLOS ONE | https://doi.org/10.1371/journal.pone.0220260 August 14, 2019 15 / 15

https://doi.org/10.1371/journal.pone.0220260

